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The Institute of Paper Science and Technology assures equal opportunity to all qualified persons without regard to race, color, religion, sex, national origin, age, disability, marital status, or Vietnam era veterans status in the admission to, participation in, treatment of, or employment in the programs and activities which the Institute operates. In our experiments, the starting materials were cDNA fragments isolated by differential display of RNA from developing loblolly pine embryos (2, 9) . These differential display fragments were biotinylated through PCR with dUTP-biotin to produce a probe. Probe and SMARTTM cDNA were mixed, denatured and allowed to hybridize. Streptavidin-coated beads (Dynal@ Inc., Lake Success, NY, USA) were added which capture biotin probe-cDNA hybrids.
After unbound cDNAs were washed away, cDNAs hybridized to the probes were eluted and amplified by PCR using primers specific to SMARTTM flanking regions to produce double stranded cDNA molecules. The result was a population of cDNAs that had been enriched for a specific cDNA. Products of PCR were separated by electrophoresis, excised, purified, and cloned into a plasmid vector and transformed into bacteria. Alternatively, if upon electrophoresis no band was distinguishable above the smear, the products were used for another round of enrichment. Colonies were screened for insert size by PCR using vector primers flanking the cloning site (bacteria are used directly in the PCR reaction with no plasmid isolation). The presence of the desired insert was established by southern hybridization (using the original probe and an appropriate detection system). If sequence information was available for the probe, PCR with one vector-specific and one EST-specific primer distinguished desirable cDNAs from background.
In this way, 'full-length' cDNAs from abundant messages may be captured through a single round of enrichment in three working days without knowledge of 5' end sequence or the use of radioactivity. Clones of less abundant messages take about one week. By using more than one probe per hybridization, enrichment for several cDNAs can be performed in the same hybridization. In addition, screening colonies for insert size will identify the longest clones so that selection and sequencing of truncated positive inserts can be avoided.
In our work, loblolly pine differential display cDNA clones used for probe synthesis were generated as described by Xu et al. (9) . Biotinylated probes were synthesized by using PCR to amplify 1 PL (10 ng/pL) of cloned differential display cDNA (i.e., from plasmid source) with 0.5 PL of both forward and reverse modified Ml3 primers (100 PM each) (forward: 5'-GACGTTGTAAAACGACGGCCAG-3'; reverse: For cDNA synthesis, the mRNA Direct Kit (Dynal@) was used to isolate poly-A RNA from loblolly pine zygotic embryo tissue judged to be at stage 3 (7). This RNA was used as a template for SMARTTM cDNA synthesis according to manufacturer's instructions (Clontech protocol #3041-l).
Dynabead? M-280 Streptavidin (Dynal@) were used to capture probe-cDNA hybrids. All calculations were based on a standard amount of beads (10 pg) per enrichment because this amount of beads is easily visible in the tube following immobilization with the magnet, but did not appear to create excessive nonspecific binding area. According to Dynal@, 1 mg of beads will bind -10 pmol of a 1-kb DNA molecule. Since the hybrids were expected to be about 1 -kb, 0.1 pmol of probe was used per enrichment. Finally, an amount of cDNA used was determined by estimating an abundance of l/100,000 (0.001%) to 1/1,000,000 (O.OOOl%> of the target cDNA in the population of cDNA that had an average molecular length of 2-kb. From these estimates, the amount of cDNA used was chosen so the probe would be in slight molar excess of the target cDNA (10 to 100 times greater).
Hybridizations of probe and cDNA were done in 1.5.mL microcentrifuge tubes.
The cDNA, biotinylated probe, and l/10 volume TE buffer were mixed together and On occasion, we noticed that screening colonies by hybridization could identify positives that were not revealed by PCR (data not shown). In all cases of this apparent contradiction, the insert in question was smaller than the average positive insert. This suggests that these smaller positive inserts did not have priming sites for the EST-specific primer, but did bear enough homology to the probe to be selected during enrichment and identified as a positive during screening via dot southern hybridization.
We have presented a simple method that allows desirable clones to be quickly isolated from a SMARTTM cDNA or a similar cDNA pool that is susceptible to PCR amplification from terminal primers. The method can be completed in a few working days and is reliable and accurate. As opposed to using the biotinylated probe approach for selecting cDNAs that have previously been cloned into plasmid vectors (8) , which requires library construction and synthesis of 3 separate oligonucleotides, the method described here requires amplifiable cDNA, a PCR-generated biotinylated probe and only one EST-specific oligonucleotide if colonies will be screened by PCR or no EST-specific primer if colonies will be screened by dot southern hybridizations. As with other enrichment protocols (5, 8) , multiple rounds of enrichment are occasionally necessary in order to isolate a less abundant sequence. The method permits the longest clones in a screen to be identified and selected and provides for isolation of 'full length' cDNAs without sequence information. Furthermore, by using more than one probe per hybridization, we have also been able to select for multiple cDNAs simultaneously (data not shown). 
